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Biotechnology in Agriculture

Many of the products being developed for use in human health care
have agricultural analogs. New or cheaper drugs, vaccines, and diag-
nostics will all cut the toll of disease and lost productivity that
continues to be a major concern in agriculture. Furthermore, geneti-
cally engineered microorganisms will be used to produce feed additives,
growth enhancers, and other compounds that will boost agricultural
yields.

But biotechnology has a fundamentally different capability in agri-
culture. It can potentially be used to change the genetic constitution of
microorganisms, plants, and animals to make them more productive,
more resistant to disease or environmental stress, or more nutritious.
In doing so, biotechnology, like the green revolution before it, could
have a dramatic effect on the problems of food production and hunger
around the world.

Probably the first application of this type will involve the genetic
engineering of microorganisms. Researchers are working to produce
microorganisms that will supply plants or animals with essential
nutrients, protect them from insects or disease, or provide them with
compounds that influence their growth. A central concern of this work
is the competitiveness of the genetically engineered microorganisms in
agricultural environments, since the microorganisms will generally
have to survive and multiply to perform their functions.

The genetic engineering of plants and animals is a far more daunting
technical task than the genetic engineering of microorganisms, but
this is where the greatest potential benefits lie. Researchers have
already succeeded in inserting functional genes into plant cells, in
regenerating whole plants that express the gene, and in having the
gene passed on to offspring. In this way, they hope to eventually be able
to transfer into plants such traits as resistance to pesticides, tolerance
to environmental conditions such as salinity or toxic metals, greater
nutritive value or productivity, or perhaps even the ability to fix
nitrogen from the atmosphere. However, major technical barriers still
prohibit the genetic engineering of most of the agriculturally impor-
tant food crops. For instance, the majority of desirable agricultural
traits are likely to arise from the interaction of many different genes,
making it difficult to transfer these traits between plants. A major
current limitation on research in this area is the paucity of basic
biochemical knowledge about plants. To take one example, the genetic
origins of almost all agriculturally useful traits are not yet known.

Genes have also been inserted into the sex cells of animals in such a